Introduction
The stereoselective 1,1-organoboration of alkynyltin com pounds opens a convenient ro u te to a variety of organom etallic-substituted alkenes [1] . The presence of a stannyl and a diorganoboryl group in cis positions at the C=C bond (e.g. in A, prepared from the reaction betw een a triorganoborane R 3B and M e^S n -C^C R 1) offers consider able synthetic potential for fu rth er tra n s form ations [2] [3] [4] .
R2B/^NSnMe3
A If 1,1-organoboration reactions are carried out with triorganoboranes of the type R'-BR2 instead of R 3B, m ixtures of alkenes m ay be form ed [5] , depending on the relative rate of tran sfer of either R ' or R from boron to carbon. So far little is known about the factors which influence the p ro duct distribution of 1,1-organoboration reactions if there are boron-carbon bonds with different re activity. In o rd er to avoid equilibration betw een R'-BR2 and R -B R '2, R 3B and R^B , we becam e in terested in diorganoboryl-substituted ferrocenes [6, 7] which are fairly stable tow ards redistribution in solution. H ere we rep o rt on the synthesis of the ferrocene derivatives l a -f and 2 [see eq. (1) - (3)], and on their behaviour in 1,1-organoboration re actions, using trim ethyl-l-propynyltin (3) as a re p resentative alkynyltin com pound.
Results and Discussion

Synthesis
D iorganoboryl-substituted ferrocenes, R 2B -F c , can be p rep a re d by the reaction of dibrom oborylferrocene [6] and R 4Sn (R = M e) [6] or R 4Pb (R = Me, E t) as show n in eq. (1) for la,b . For m ore bulky groups R, e.g. in l c -f , the reaction of lithioferrocene w ith alkoxy-diorganoboranes [7] is p re ferred [eq. (2) ]. Starting from l,l'-d ilith io fe rrocene, the sam e type of reaction affords 1,1'-bis [9-(9- 
The reactions of the com pounds 1 and 2 with trim ethyl-l-propynyltin (3) w ere carried out on a small scale in N M R tubes in o rd e r to m on itor the progress of the 1,1-organoboration reactions by N M R spectroscopy. All reactions p ro ceeded sm oothly betw een -7 8 °C and room tem p eratu re; interm ediates could not be detected.
In the case of the noncyclic boranes, m ixtures consisting of the organom etallic-substituted al- m igrate m ore readily than an alkyl group because of the greater polarity of the B -C (F c ) bond. H ow ever, the electrophilic attack of the stannyl group in B, accom panied by the transfer of a bulky group R, is expected to lead to sterically less strained alkenes than the transfer of the ferrocenyl group. If the groups R are less bulky (R = Me, E t), both steric effects and polarity are in favour of the p re ferred m igration of the ferrocenyl group, in accord with the experim ental results. In the case of R = Ph, the polarities of all B -C bonds are similar, but the transfer of the m ore bulky ferrocenyl group is preferred. A gain, this can be explained con sidering the different steric strain in the final p ro ducts 4f and 5f.
The reactions betw een 3 and the 9-borabicyclo-[3.3.1]nonane derivatives le and 2 gave selectively the products 4e and 6, respectively, in which the bicyclic ring systems are enlarged by an olefinic carbon atom [eq. (5)]. This behaviour is typical of 1,1-organoboration reactions of 1-alkynyltin com pounds with 9-organyl-9-borabicyclo[3.3.1]nonanes [9, 10] , and it has been shown that the com- A statistical product distribution w ould co rre spond to 2/3 of type 4 and 1/3 of type 5, as o b served approxim ately for R = 'P r and 'Bu. In all o th er cases, including R = Ph, the m igration of the ferrocenyl group Fc is preferred . The 1,1-organoboratio n reactions proceed via cleavage o f the Sn-C= bond to give an alkynylborate-like in te r m ediate B [8] , in which the M e3Sn group is for mally coordinated to the C = C bond of the alkynyl group. In principle, the ferrocenyl group should Table I . Chemical shifts ö n B and d 13C of the diorganoboryl-ferrocenes ( la -f , 2). All data for solutions in C6D 6 (5 -1 5 % ) at 25 °C if not stated otherwise, [br] = broad; lbl the 13C(1) NMR signals are readily observed at low tem perature ("quadrupolar decoupling" of n B): solutions in [Dx]toluene measured at -60 °C; ^ data from ref. [7] , Table II . 13C-and 119Sn NM R data!3! of the alkenes 4a-4d, 4f and 5a-5d, 5f and 3+Et3Btf], 3+Ph3B for comparison. 4a 5a 4b 5b 4c 5c 4d 5d 4f 5f 3+Et3B 3+Ph3B pounds with enlarged ring system s are the result of a kinetically controlled reaction [9] ,
N M R sp ectro sco p ic data
The 'H , n B and 13C N M R d ata of the diorganob o rylferrocenes l a -f and 2 are listed in Table I . The 13C and 119Sn N M R d ata of the alkenes 4 and 5 are given in Table II , to g e th e r with 13C and 119Sn N M R data for the 1,1-organoboration products obtain ed from 3 with E t3B [11] and Ph3B; the lat te r 1,1-org an o b o ratio n pro d u ct has not been re p o rted previously. Table III [14] .
The 13C N M R spectrum of com plex 6 at -7 0 °C ( Fig. 1) shows two sets of N M R signals, suggesting the presence of d iastereom ers 6 and 6 ' as a result of hindered ro tatio n about the B -C ( l ) bond. For a m ore detailed discussion of dynam ic processes in ferrocenylboranes see ref. [7] . A ccording to the results of a single crystal X -ray analysis of 6 (vide infra), only one diastereo m er is present in the solid state; a sam ple tak en from the bulk of the solid m aterial of 6 gave a pow der p a ttern which agrees with that calculated from the single crystal diffraction data. The situation is com parable to that found previously for triferrocenylborane [15] .
X -ra y analysis o f the 1,1' -d ib o ryl-su b stitu ted ferrocen e 6
The experim ental data p ertin en t to the X -ray analysis of com pound 6 are given in Table IV [16] . The m olecular structure of 6 is depicted in Fig. 2 . and selected bond distances and angles are given in the caption of Fig. 2 . The substituted cyclopen tadienyl rings are shifted by 9.2° from the ecliptic conform ation. T heir planes are n o t exactly parallel but form an angle of 5.5°, the opening pointing tow ards the substituents in l,l'-p o sitio n s. Bonding ' vH * S 13 c 
Dim ethy Iboryl-ferrocene (la)
A solution of 0.33 ml P bM e4 (3 M ) in toluene was added dropw ise at -6 0 °C to a solution of 1.8 g (0.5 m m ol) d ib rom oboryl-ferrocene in 15 ml of toluene. A fter stirring for 2 h at room te m p e r ature, the solvent was rem oved in vacuo. T hen the residue was dissolved in 50 ml of hexane and PbM e3Br was filtered off. la was isolated as a brow n oil (0.08 g, 6 8 % ).
DiethyIboryl-ferrocene (lb)
By the sam e procedure, the reaction of 0.33 ml P b E t4 (3 M) Table II The reaction betw een 3 and 2 was carried out in an analogous m anner, but only 0.5 m m ol of 2 were used. C om pound 6 was isolated as red crystals (0.6 g, 72% ; m.p. 164-165 °C). C rystals for X -ray analysis w ere grow n from toluene solutions.
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